The purpose of this study was to evaluate the renoprotective effect of the Garcinia mangostana L. pericarp extract (GMPE) on plasma creatinine and renal proximal tubules of streptozotocin-induced diabetic mice. This study used 36 male Balb/c strain mice. The samples were divided into 6 groups, namely KN (normal control), KD (diabetic control), KM (metformin control), and P (treatment group) comprising: P1 (50 mg GMPE/kg body weight), P2 (100 mg GMPE/kg body weight), as well as P3 (200 mg GMPE/kg body weight). The GMPE and metformin suspension were administered orally for 14 days on the diabetic mice. The diabetes was induced by intraperitoneal injection of STZ multiple at low-dose of 30 mg/kg body weight daily for five consecutive days. On day 15, mice were terminated. Data of plasma creatinine and renal proximal tubule damage levels or the number of swelling and necrosis cells were analyzed. Interestingly and it showed that administration of GMPE could reduce the plasma creatinine level and ameliorate renal proximal tubules of streptozotocin-induced diabetic mice. In conclusion, the renoprotective effect of GMPE in streptozotocin-induced diabetic mice was associated with the attenuation in oxidative stress and inflammatory, which also had antidiabetic and antioxidant activities.
Introduction
Diabetes mellitus (DM) is a global problem that has high morbidity and mortality rates (1) . In 2013, there were more than 350 million people with diabetes mellitus in all over the world and this number was predicted to raise up until 592 million people in 2035. The growth of population, population ageing, and urbanization cause life style changes, which tend to create 55% increase of people with DM all over the world in 2035 (2). According to Wild et al. (3) , Indonesia has the fourth highest number of diabetic patients in the world, as many as 8.4 million people in 2000 and this number is predicted to increase to 21.3 million people by 2030.
Indonesia is among the top 5 countries in the world that has high biodiversity of plants and around 55% of them are endemic (4) . One of them is Garcinia mangostana L., a tropical fruit which has been used for hundreds of years as a traditional medicine all over the world (5) . The fruits contain of some bioactive compounds such as xanthone, terpene, anthocyanin, tannin, phenol, and several vitamins (6) . Some phytochemical researches showed that there are a lot of xanthone compounds in the surface of the fruits (7); such as α-mangostin (6), γ-mangostin (8), 8-deoxygartanin, garsinon E, mangosanol (9), β-mangostin (6), tovophyllin A and B (10), mangostenin (11) , and mangostenon C, D, and E (12) .
Garcinia mangostana L. is known as the functional foods and dietary supplements that are recognized to have some benefits for health (13, 14) . The main derivate of xanthone in Garcinia mangostana L. is α-mangostin, this compound has various pharmacological advantages, such as antidiabetic (13, 15) and antioxidant (14, 16) . The ethanol extract of Garcinia mangostana L. pericarp has an antioxidant activity and is possible to lower the glucose level in blood. The antioxidant compounds act as inhibitors which is used to deter autoxidation, thus, the best way to reduce oxidative stress is by reducing the free radicals or optimizing the body's defenses by multiplying the antioxidants (14) . Furthermore, antioxidant also protects the tissue from oxidative damages (13) . The oxidative stress condition in hyperglycemia lead to the increasing glucose metabolism through a polyol pathway, the increasing formation of advanced glycation end products (AGEs), the activation of protein kinase C (PKC), and the increasing transfer of excess glucose through the hexosamine pathway (17) .
Several approaches which are currently available for treating diabetes including insulin therapy; such as treatment using insulin secretagogues (glimepiride), biguanides (metformin), and α-glucosidase inhibitors (acarbose) (18) . However, this therapy has some limited efficacies of side effects such as hypoglycemia and weight gain (19) . Thus, researches on alternative medicine from plants becomes very crucial in order to solve this problem (20) . In this study, GMPE was used to determine its antioxidant potential to lower plasma creatinine levels and repair the damage in renal proximal tubules of diabetic mice which will be used for the development of GMPE as a DM remedy.
Materials and methods

Ethical statement
Ethical approval for this study was obtained from the Committee of Animal Care and Use, Faculty of Veterinary Medicine, Universitas Airlangga, Surabaya, Indonesia (701-KE).
Experimental materials
This study used 36 male Balb/c mice, 3-4 months old, weight 25-35 g which were obtained from Faculty of Pharmacy Universitas Airlangga, Indonesia and grouped into 6 experimental groups. Each experimental group consisted of 6 mice. Non-diabetic mice were applied as the normal controls (KN). While diabetic mice induced by STZ were divided into 3 groups, namely diabetic group (KD), metformin group (KM), and treatment group of 3 doses GMPE (P1, P2, and P3). Besides, this study also utilized the pericarp of Garcinia mangostana L. fruits which was obtained from some traditional markets in Surabaya and the materials for freeze drying, its extraction (96% ethanol), the hyperlipidemic induction of mice with lard (per oral), STZ (purchased from Sigma-Aldrich) which was mixed with citrate buffer (purchased from Sigma-Aldrich) and phosphate-buffered saline (purchased from Sigma-Aldrich) to induce diabetic condition in mice, standard antidiabetic drug (Metformin HCl 500 mg), all materials for plasma creatinine measurements, and all materials for the preparation of renal histology.
Experimental tools
The tools used in this study were standard cages for mice, drinking bottles, food boxes, husk, CX23 upright microscope (Olympus), petri dishes, analytical scale, surgical equipment, and 1 mL modified syringes for per oral mice treatment, 1 mL injection needle for blood sampling and diabetes induction, glucometer and Accu-Check ® Active Test strip, microtubes (Eppendorf ® ), BD Vacutainer ® blood collection tubes, alcohol swabs 70%, beaker glasses, filter papers, blender, stirrer, Erlenmeyer flasks, micropipette (Eppendorf ® ), tips (white, blue, and yellow), freeze dryer, Rotavapor® R-300, Pentra C200 (Horiba Medical), microplates, microwaveable jar, paraffin, paraffin bath, paraffin oven, microtome, object glasses and covers, dissecting set, vials, tissue, graticule, needles, and photo-microscopy device (Sony).
Experimental design
This The part of Garcinia mangostana L. fruit which was used as an extract is the pericarp, scraped, then made into powder with a blender. Then, macerate the powder with 96% ethanol for about 7 days. The filtrate was then filtered using filter paper, proceed to filtration, and evaporated using rotary vacuum evaporator at 50 °C. Then freeze dry the evaporated viscous extract to produce a reddish color dry extract (14) .
Animals were randomly divided into 6 experimental groups. Each experimental group consisted of 6 mice (6 mice/group). Non-diabetic mice were used as normal controls (KN). While diabetic mice induced by STZ were divided into 3 groups, they were diabetic group (KD), metformin group (KM), and P (treatment group) which consisted of P1 (50 mg GMPE/kg body weight), P2 (100 mg GMPE/kg body weight), and P3 (200 mg GMPE/kg body weight). GMPE was given per orally. Treatment was given for 14 days. Diabetic condition in mice were induced by streptozotocin (STZ) in pH 4.5 citrate buffer with multiple low-dose of 30 mg/kg body weight, intraperitoneally, for five consecutive days. Before induced by STZ, mice weight was measured. Mice weighing around 30 grams were induced with dose of 0.9 mg STZ which was dissolved in 0.15 mL of citrate buffer. Mice weighing 31-40 grams were induced with dose of 1.2 mg STZ which was dissolved in citrate buffer. On the 7 th and 14 th day after the last STZ injection, a fasting glucose level were measured using a glucometer. Mice which were labeled as diabetic mice were mice with the fasting blood glucose levels greater than 126 mg/dL (8, 13, 14) .
The method used for measuring creatinine levels was the Jaffe reaction. Absorbance was measured using Pentra C200 (Horiba Medical) at 510 nm wavelength.
Furthermore, the histological samples of renal were performed by hematoxylin-eosin staining. The observation was performed using a microscope with 400x magnification, camera, and eyepiece graticule. Each sample was observed in three viewing zones. The observed part was the cortical region. Calculation of the tubule cells number was based on the two criteria of renal tubular epithelial cells, which were swelling and necrotic cells.
Statistical analysis
Statistical data analysis was performed using SPSS (Statistical Package for the Social Science) program which included normality test and homogeneity test using OneSample Kolmogorov-Smirnov test and Levene test. The analysis was then continued using one-way analysis of variance (α = 0.05) and Duncan test at 0.05 or 95%.
Results
The results of One-Sample Kolmogorov-Smirnov test showed that the data was normally distributed with P = 0.062 (P> 0.05). The homogeneity test revealed that the data was homogeneous with P = 0.384 (P> 0.05). One-way analysis of variance presented the value of P = 0.001 (P< 0.05). In knowing the significance among treatment groups, Duncan test was performed. The results of Duncan test on mice plasma creatinine showed that KN group had no significant variance compared to KM group, P2 group, and P3 group, but significantly different with KD group and P1 group.
The One-Sample Kolmogorov Smirnov test exhibited that each data of swollen and necrosis renal tubular epithelial cells had normal distributions with P = 0.982 and P = 0.965 (P> 0.05). The homogeneity test exposed the data was homogeneous with P = 0.601, P = 0.869, and P = 0.344 (P > 0.05). One-way analysis of variance analysis for the two criteria of renal tubular epithelial cells provided the value of P = 0.000 (P< 0.05). On the observation of the three criteria of renal proximal tubular epithelial cells, the swollen and necrotic renal proximal tubular epithelial cells confirmed the variances among treatments. To know the significance between treatment groups, Duncan test was performed.
Discussion
STZ is a NO (nitric oxide) donor that contributes to cell damage. In addition, STZ is also capable of generating ROS and RNS which have an important role in cell damage (21) . According to Yokozawa et al. A study by Zafar et al. (25) mentioned that a diabetic rat (Rattus norvegicus) injected by single dose of STZ with 45 mg/kg body weight can cause necrosis of the tubular cells, glomerulosclerosis, tubular atrophy, and thickening of the glomerular membrane. Another study conducted by Hou et al. (26) found that the increasing levels of blood urea nitrogen (BUN) and serum creatinine in the diabetes group indicates the renal damage. Biochemical parameters correlate with renal histology studies. STZ causes significant damage to the renal histological structure, including the glomeruli and tubules. Thus, STZ injection is able to disrupt the structure and function of renal tubular epithelial cells.
The damages of renal proximal tubular epithelial cells are a better indicator for disease progression than glomerular damage (27) . Creatinine excretion is the result of two physiological processes, which are glomerular filtration and actively secreted by the renal proximal tubules. If there is a disturbance in creatinine secretion by the renal proximal tubules, then the serum creatinine levels will increase (28) . On the other hand, Ozbek et al. (29) mentioned that the damage of renal histological structures causes a decrease in glomerular filtration rate (GFR). This inhibits creatinine removal from the body so that the level of creatinine in the blood increases.
Kidneys does not depend on insulin for the absorption of glucose, so the increase of blood glucose levels in diabetic conditions will produce high intracellular glucose level and cause severe and sustained hyperglycemia condition (30) . The higher amount of glucose filtered by glomeruli in hyperglycemia conditions increases the burden of proximal tubule epithelial cells. In addition, proximal tubule epithelial cells cannot decrease the glucose transport rate to prevent excessive intracellular glucose in hyperglycemic conditions. Excessive uptake of glucose to the proximal tubule may inhibit reabsorption and proximal tubular secretion, resulting in the increasing serum creatinine levels (31).
Husen et al. (14) stated that the condition of hyperglycemia can disturb glucose metabolism, as well as direct reaction to other molecules in cells which lead to high oxidant formation. This condition leads to oxidative stress, a condition where there is an increase in oxidant production in the body, while the endogenous antioxidants that play a role in neutralizing the oxidant's performance are disrupted. This is consistent with Winiarska et al. (32) who mentioned that hyperglycemia is associated with the increasing production of ROS and produces the oxidative stress conditions that allegedly play a key role in the pathogenesis of this disorder. According to Ceriello (17) , four keys to biochemical changes activated through oxidative stress conditions in hyperglycemia are the increased glucose metabolism through polyol pathways, the increased formation of advanced glycation end products (AGEs), the activation of protein kinase C (PKC), and the increased transport of excess glucose through hexosamine pathway. These biochemical changes will further worsen the formation of free radicals which affect the occurrence of damages in the body of people with diabetes. A study conducted by Li et al. (33) stated that the activation of the PKC can induce damage to the renal proximal tubular epithelial cells.
During diabetic conditions, the increasing blood glucose levels contribute to the formation of AGEs and ROS production. Advanced glycation end products also produce ROS (34) and both are associated with cell death, tissue damage, and renal dysfunction. The hyperglycemic condition activates the polyol pathway and produces fructose from glucose. Fructose and its metabolites as well as glucose are involved in the non-enzymatic glycation of cellular proteins. The resulted Schiff base undergoes a rearrangement of the structure to form the Amadori product which later produces the α-dicarbonyl compound and AGEs by cross-linking with other proteins (35, 36) . On the other hand, Stevens et al. (37) mentioned that in diabetic condition, the sorbitol pathway activity is increased in the tissues which do not require insulin to uptake its cellular glucose, for example in the kidneys. Sorbitol cannot pass through the cell membranes easily, accumulated, and causes the osmotic damage to the cells (swelling). The accumulation of sorbitol decreases myo-inositol, which can interfere cell osmoregulation so that the cell is damaged.
Phytochemical screening for ethanol extract of Garcinia mangostana L. pericarp is known for containing groups of alkaloids, flavonoids, glycosides, saponins, tannins, and steroids/triterpenoids (38) . The ethanol extract of Garcinia mangostana L. pericarp has antioxidant, anti-inflammatory, and antidiabetic activities (14) . According to Husen et al. (13) , antioxidants can protect the tissues from oxidative damage which caused by hyperglycemia. The mechanism of antioxidant ability in binding the free radical due to the presence of hydroxyl groups and its role as a hydrogen donor for the free radicals.
In the P1 group, the mean plasma creatinine levels were significantly different from the KN and KD groups but had no significant variance from the KM group, P2 group, and P3 group. According to Pasaribu et al. (38) , the increased dose of the drug should increase the response proportionally to the increased dose, but by increasing the doses, the increase in response will eventually decrease as it already achieves doses which cannot improve the response anymore. This situation happens often in the natural medicines because the compounds contain not just one but various chemical compounds. Those compounds work together to create an effect. However, by increasing the doses, the number of chemical compounds contained are also increasing and resulting in some adverse interactions which cause lower effects.
The mean of plasma creatinine levels in the P2 group was significantly different from KD group and P1 group, but it had no significant variances with the KN group, KM group, P2 group, and P3 group. This was because the antioxidant chemical compounds in GMPE were able to effectively reduce the oxidative stress conditions and fix the damage on the renal histological structure, so that the glomerular filtration rate and creatinine secretion in the proximal tubule return to normal and lower the plasma creatinine levels. Husen et al. (13) stated that the mechanism of antioxidant ability to increase free radical is due to the presence of hydroxyl groups and its action as a hydrogen donor for the free radicals. A study conducted by Perez-Rojas et al. (39) showed that α-mangostin has the nephroprotective effects of nephrotoxic compounds and α-mangostin supplementation significantly reduces oxidative stress, histological structure damage, and renal dysfunction. However, the results of study conducted by Pasaribu et al. (38) mentioned that the ethanol extract of Garcinia mangostana L. pericarp with the dose of 100 mg/kg body weight is more effective in lowering blood glucose levels compared to the doses of 50, 200, and 400 mg/kg body weight.
In the P3 group, the mean of plasma creatinine levels was significantly different from the diabetic group of KD but had no significant variances with the KN group, KM group, P1 group, P2 group, and P3 group. This was possible because the contained antioxidants at dose of 50 mg/kg body weight was not sufficient and not effective in reducing the oxidative stress conditions and repairing the histological damage of renal structure which had the implications to renal physiology. The results of research conducted by Pasaribu et al. (38) confirmed that the ethanol extract of Garcinia mangostana L. pericarp at the doses of 200 and 400 mg/kg body weight was not followed by an increase in antidiabetic activity.
The results of this study indicated that the effect of Garcinia mangostana L. pericarp extract had an effect in lowering the plasma creatinine level of diabetic mice. According to Jujun et al. (40) , the consumption of Garcinia mangostana L. pericarp ethanol extract with the dosage 50-1000 mg/kg body weight for 28 days showed no significant toxic effect. In addition, Sudjarwo and Koerniasari (41) argued that flavonoids, saponins, and triterpenoids allegedly assist the process of repairing glomeruli and tubules that have been damaged so that the filtration and creatinine secretion would return to normal. The ethanol extract of Garcinia mangostana L. pericarp has a potential nephroprotective effect and can reduce the effects of nephrotoxic compounds caused by the lead acetate exposure. Another study conducted by Perez-Rojas et al. (39) which also used mice showed that α-mangostin has a nephroprotective effect on cisplatin which has nephrotoxicity properties. Husen et al. (42) stated that supplementation of α-mangostin significantly reduces oxidative stress, histological structural damage, and renal dysfunction.
Conclusion
According to this study, it can be concluded that giving various doses of GMPE which contains antioxidant is potentially lowering the plasma creatinine level and ameliorating the damages of renal histological structure in the diabetic mice. The dose of 100 mg/kg body weight is more effective to lower the plasma creatinine level and to repair the renal histological structure of diabetic mice because it contains the xanthone antioxidant compound.
The main compound of the Garcinia mangostana L. pericarp is the xanthone groups. These compound groups have pharmacological activities such as antidiabetic, antioxidants, and anti-inflammatory.
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